A new method to introduce an aryl group directly into the pteridine nucleus by the action of arene diazonium salt in an aqueous alkaline solutio n is described. 1,3-Dimethyllumazine and benzene diazonium chloride reacts in an aqueous solution at pH 8-9 to give 7 -phenyl-1 ,3-dimethyllumazine together with a little of 6-phenyi-1 ,3-dimethyllumazine . The analogous reactions of 1,3-dimethyllumazine with 4-methyl-, 4-methm.),-, 4-chloro-, and 3-chlorobenzene diazonium chlorides give the corresponding 7-aryl-1,3-dimethyllumazines as major products together with a little of 6-aryl-1,3-dimethyllumazines. Reactions of 1,3-dimethyllumazine 5-oxide with arene diazonium salts under the same conditions exclusively afford the corresponding 6-aryl-1,3-dimethyllumazine 5-oxides which are easily converted to 6-aryl-1,3-dimethyllumazine by the action of tributylphosphine. Mechanisms concerning regioselectivities are investigated by using molecular orbital calculations.
Introduction
Many of t..'-le naturally occurring and biologically important pteridine compounds possess a carbon functional group at the pyrazine moiety of the pteridine ring. Syntheses of such pteridine compounds have been generally achieved by employing appropriate synthons already carrying the functional groups at the step of pyrazine ring forma tion (1). During the last decade, we have investigated alternative approaches to such pteridines by introducing a carbon substituent directly to the pteridine ring. Homolytic C-acylation and § Author to whom correspondence should be addressed Pteridines/ VoL 8 / No . 3 C-hydroxyalkylation have been developed most widely to synthesize a variety of pteridine ketones and hydroxyalkylpteridines, including several natural products (2-7). Phenyl and several alkyl groups were also introduced directly into some pteridines by using Grignard reagents or organolithium compounds (8, 9) .
It is known that benzene diazonium salt reacts with benzene under basic conditions to give biphenyl via a radical mechanism (10) . We have recently investigated the possibility of the analogous reaction of the diazonium salt with pteridine and reported that 7 -substituted 1,3-dimethyllumazines reacted with arene diazonium salts in an alkaline solution to give a variety of 6-arylated products in good yields (1 1) . In this paper, we describe the direct arylation of 1,3-dimethyllumazine, 1,3-dimethyl-2,4-( IH,3H)pteridinedione, and its 5-oxide by arene diazoruum salts.
Results and Discussion

Reaction of 1,3-dimethyllumazine (1) with arene diazonium salts
Benzene diazoruum chloride reacted with 1,3-dimethyllumazine ( 1) in an aqueous solution adjusted to pH 8 -9 by sodium hydrogen carbonate. Two products, 7 -phenyl-l ,3-dimethyllumazine (2a) and 6·phenyl-l,3-dimethyllumazine (3a), were isolated in 23% and 1% yields by column chromatography on silica gel, respectively. When the reaction was carried out at pH 11 in the presence of sodium carbonate, the ring opening reaction of 1 into 2-methylamino-3-(N-methylcarboxamido)-pyrazine occurred predominantJy. Analogous treatments of 1 with other arene diazoruum salts, such as 4-methylbenzene diazoruum chloride, 4 -, 3-, and 2-chlorobenzene diazoruum chlorides, and 4-and 2-methoxybenzene diazoruum chlorides , afforded the corresponding 7-aryl-l,3-dimethyllumazines (2b -f, 2h) as the major products ( 14 -37% yields) together with he 6-aryl-l,3-din'lethyllumazines (3b -h ) as minor products (1-8% yields). In these cases, formation of side products, such as a biphenyl derivative described in Lt,.e reaction of 7-methoxy-l,3-dimethyllumazine with benzene diazonium chloride (11), was not detected. Reactivities of diazonium salts prepared from the following aniline derivatives, i.e. 3-methoxyaniline and 2-and 3-methylanilines, are very [XXX, and reactions with 1 did not afford desired products except 2g (4% yield). The resnlts are sllIl1.f!"'larized in Table 1 . Regioisomeric structures of the products were determined by comparison with authentic samples ( 12) as follows. The 6-phenyl compound (3a) moved faster than the 7 -isomer (2a) on silica-gel TLC (thin layer chromatography). The UV spectra were also useful for deternlining the structure of the two isomers: the 6-phenyl derivative (3a ) exhibited "-max at 280 and 359 nm, whereas the 7 -phenyl derivative (2a) showed strong absorptions at 231 and 354 nm and a shoulder at m,.h "-max (log E) 283 nm. These characteristics of the 6-and 7-phenyl isomers (2a, 3a) on TLC and UV spectra were commonly exhibited also by other 6-aryl and 7-aryl derivatives (2b -h and 3b -b ) described below (see Table 1 ). The proton at the 7-position of 3a resonances at a slightly lower field than the proton at the 6-position of2a (0=9 .07 and 9 .04 ppm, respectively), though the difference of the chemical shifts is not large enough to distinguish the two isomers exclusively.
Reaction of 1,3-dimethyllumazine 5-oxide (4) with arene diazonium chlorides: preparation of 6-aryl-1,3-dimethyllumazine 5-oxides (Sa-h)
Analogous 7 -predominating regioselectivities were observed also in the homolytic acylation of pteridine compounds unsubstituted at both 6 -and 7 -positions, and, theretore, the active 7 -position was necessarily blocked by an appropriate substituent in order to synthesize 6-acyl pteridine derivatives (2 -5 ) . 'In the present study, we in-"estigated a different approach to achieve the regioselective arylation at the 6-position rather than blocking the 7-position of 1. We chose 1 ,3-dimethyllumazine 5 -oxide (4) as the substrate, be- cause N-oxides o ften showed reactIvltIes different for their mother nitrogen heterocycles. As expected, the regioselectivity of the reaction of 4 . and benzene diazonium chloride under similar conditions as above changed, and 6-phenyl-1 ,3-dimethyllumazine 5-oxide (Sa ) was obtained as an exclusive product, though the yield (14%) was not satisfactory. The structure of Sa was confirmed by comparison of UV spectra and the melting point with those of the authentic sample ( 13) . Similar reaction of 4 with substituted benzene diazonium salts, such as 4-and 3-methylbenzene diazonium chlorides, 4-, 3-, and 2-chlorobenzene diazonium chlorides, and 4-and 2-methoxybenzene diazonium chlorides, all produced only the corresponding 6-aryl-1,3-dimethyllumazine 5-oxides (5b -h ). The results are summarized together with UV spectra and TLC in Table 2 . 6-Substituted structures of 5 were proved by using the specific reduc · tion to 3 described as follows. The reaction of 6-phenyl-1,3-dimethyllumazine 5-oxide (Sa) with tributylphosphine (2 eq.) in hot 1 , 4-dioxane yielded 6-phenyl-1,3-dimethyllumazine (3a) quantitatively. The other 6-aryl-1 ,3-dimethyllumazine 5-oxide (5b -h ) were similary converted into corresponding 6-aryl-1,3-dimethyllumazines (3b -g) by the treatment with tributylphosphine.
Mechanistic aspects
The reaction of 1 with benzene diazonium salt might proceed via the addition, which affords the radical intermediate (6 or 7 ), of phenyl radical to the 6-or 7 -position followed by hydrogen abstraction from the intermediates. Similarly, 4 and the radical could afford intermediate 8 and 9 , as illustrated in Scheme 3. In order to elucidate the regioselectivities described above, semiempirical molecular orbital calculations (PM3 method) were carried o ut on the substrates (1 and 4) and the intermediates (6 -9). Generally, a radical reac- tion is controlled by the SOMO (singly occupied molecular orbital). The LUMO (lowest unoccupied molecular orbital) of 1 and 4 which are considered to be the corresponding SOMO are illustrated in Figure 1 , where it is obvious that orbitals on 7 -positions are larger than those of 6-positions (0.5445 vs 0 .2065 and 0.5362 vs 0.3147 in the cases of 1 and 4, respectively) . Therefore, the attack of the phenyl radical to 1 is accelerated on the 7 -position rather than the 6-position, and the radical intermediate 7 which yields the major product (2a) might be produced predominantly over 6 giving 3a . However, since intermediate 6 is proved to be 2.59 kcaljmol more stable than 7, the minor product (3a) could be obtained from somewhat stable 6 . On the contrary, the 7-position of 4 might also be more active toward the radical, but the difference of orbitals on 6-and 7-positions is not so large as that in the case of 1 (about 2/3). The intermediate (8 ) which produces 5a is 8.38 kcaljmol more stable than the isomer (9) . Thus, the regioselectivity in the reaction of 4 with benzene diazonium salt could be explained by the largely energetic advantage of 8.
Experimental
General procedures
The IH and 13C NMR spectra were measured on a TEOL a-400 spectrometer in a CDCl 3 solution. The chemical shifts were expressed in ~ value relative to internal tetramethylsilane (~ = 0) . The UV spectra cited in Table 1 and Table 2 were recorded on a TASCO Ubest 55 spectrophotometer in methanol and expressed as Amax (log £) in nm.
TLC analyses were carried out on silica-gel plates (Merck Kieselgel 60 F 254 , 0.25 nm) developed by a 2: 1 (v/v ) mixture of toluene and EtOAc (ethyl acetate). UV spectra and R f values of products (2, 3, and 5) are summarized in Table 1 and Table 2 . Semiempirical molecular orbital calculations (PM3 method) were carried out by using a HyperChem® program (RHF calculation).
Reaction of 1,3-dimethyllumazine (1) with benzene diazonium chloride: preparation of 7-phenyl-and 6-phenyl-l,3-dimethyllumazines (2a, 3a): a general procedure
Benzene diazonium chloride was prepared as follows: to a solution of aniline (0.83 g, 12 mmol) Pteridines/ Vol. 8/ No. 3 in 2M hydrochloric acid (30 ml) was added a solution of sodium nitrite (0.85 g, 12 mmol) in water (5 ml) at 5°C. To a solution of 1,3-dimethyllumazine (1) (1.2 g, 6 mmol) in water (300 ml) containing sodium hydrogen carbonate (9 g) was added the solution of benzene diazonium chloride at 5 "C; the pH of the solution was about 9 .
The solution was stirred at 5 °c for 3 h and then at room temperature overnight. The resulting mixture was adjusted to pH 5 by the addition of 6M hydrochloric acid and extracted with dichloromethane (2 X 50 ml) . The extract was subjected to a column chromatography on silica gel (<1>3 X 25 cm), eluted by a 2:1 (v/v) mixture of toluene and EtOAc. 7-Phenyl-l,3-dimethyllumazine (2a ) (0.37 g, 23%) and 6 -phenyl-l,3-dimethyllumazine (3a ) (0.02 g, 1%) were obtained as more polar and less polar fractions, respectively. 
7-(4-Methylphenyl)-1,3-dimethyllumazine (2b) and 6-(4-methylphenyl)-1,3-dimethyllumazine (3b)
2b: colorless needles, mp 249-250 "C (toluene) . 
7-(4-Chlorophellyl)-1,3 -dimethyllumazine (2c) and 6-(4-chlorophenyl)-1,3 -dimethyllumazine (3c)
2c: pale brown needles, mp 317 -318°C (toluene). ~I H NMR: 3. 57 (s, 3H), 3 .81 (s, 3H) To a so lution of 1 ,3-dimethyllumazine 5 -oxide (4) ( 1.25 g , 6 mmol ) in water ( 300 ml) co ntaining so dium hydro gen carbonate ( 11 g ) was added a so lution of b e nzene diazonium chloride (9 mmol ) at 3 -5 DC ; the pH w as a bout 9 after mixing. The mixture w as stirred at the same te mperature fo r 3 h, and then at room temperature over night. By similar work-up and purificatio n treatments as the general procedure 6 -phenyl-l ,3 -dimethyllumazine 5-oxide (Sa ) (0 .24 g, 14%) was o btained as pale yello w needles: mp 216-217°C (lit. 13, 14 
6-(4-Chlorophenyl)-1,3 -dimethyllumazine 5-oxide (Sd)
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